Bacillus species are ubiquitous and diverse both in the terrestrial and marine ecosystems. In this study, Bacillus species were isolated from Tunisian hypersaline environments and their probiotic properties were studied. In total, 13 strains were identified as a Bacillus spp. Antagonism assay revealed an inhibitory effect of these strains against pathogenic bacteria. Cell surface hydrophobicity values ranged between 0.33 and 30%. The tested strains were able to produce extracellular enzymes such as amylase, lipase, caseinase, and lecithinase. Qualitative analysis of biofilm results show that seven strains were able to produce slime on Congo red agar. Furthermore, the investigated strains were fairly adhesive to glass and polystyrene with values ranging from 0.07 to 0.70 at 570 nm.
INTRODUCTION
The domain of bacteria contains many types of halophilic and halotolerant microorganisms, spread over a large number of phylogenetic groups (Ventosa et al., 1998) . Within the lineages of gram positive bacteria (Firmicutes), halophiles are found both within the aerobic branches (Bacillus and related organisms) and also within the anaerobic branches (Oren, 2002) .
Due to their ability to form spores and withstand a range of variable environ-mental conditions, Bacillus spp. adapt easily to diverse habitats. Bacillus species can be found in marine environ-ment and are part of the microflora of several marine species (Hovda et al., 2007) . Perfectly adapted to harsh conditions, halophilic bacteria have the ability to grow in environments with hight salt concentration. Their particu-larities are manifested by stable proteins and enzymes. Besides, marine bacteria are known to produce wide range of compounds, which have potential applications as bioactive compounds, probiotics and nutritional supple-ments (Watanabe et al., 1996) . The term probiotic, means "for life", originating from the Greek words "pro" and "bios". Today probiotics are quite commonplace in health promoting "functional foods" for humans, as well as therapeutic, prophylactic and growth supplements in animal production and human health (Sullivan and Nord, 2002; Senok et al., 2005; Abdelkarim et al., 2012) .
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and provide immunostimulation (Cherif et al., 2001; Barbosa et al., 2005) . Several research articles demonstrate the benefits of using Bacillus to improve shrimp growth performance, survival, immunity, and disease resistance in aquaculture (Farzanfar, 2006) . Systematic studies of Bacillus have always focused on the terrestrial Bacillus, although marine Bacilli are noted for their ability to produce different antibiotics, glucanases and cyclic acylpeptides (Oguntoyinbo, 2007) . Besides their enzyme production, marine Bacilli are also well known for the reduction of toxic heavy metals. Extremely halotolerant Bacillus strains were isolated from hypersaline environments (Oren, 2002) . Their discovery could be of great biotechnological potential because many Bacillus isolates produce industrially important compounds.
In this study, halophilic Bacillus strains were isolated from Tunisian hypersaline environments and their probiotic properties were evaluated, in the aim to find more effective and environmentally friendly treatments for aquatic sector.
MATERIALS AND METHODS

Samples collection and bacterial characterization
Water samples were recovered from seven Tunisians hypersalines environments (Table 1) . The samples were collected in 1 L sterile plastic bottles. The samples were immediately stored in a refrigerator for further microbial analysis. Bacterial strains were isolated according to the following procedure: 1 ml from samples were enriched 24 h at 30°C in nutrient broth sea water (NBSW) (salinity 34 g l -1 and pH 7.99) then speared on nutrient agar plate and incubated at 30°C. Only Gram and catalase positive rods were selected for further characterization.
Molecular identification of Bacillus strains
Total DNA was extracted from all the isolated strains according to the scheme described by Sambrook et al. (1989) and stored at -20°C.
The two primers were (B-KF 5'-TCACCAAGGCRACGATGCG-3' and B-KR: 5'CGTATTCACCGCGGCATG 3') (Xi-Yang et al., 2006) . Amplification was carried out using a 50-µl reaction volume: 2 µl DNA, 0.2 mM of each dATP, dGTP, dCTP and dDTP, 1x buffer solution, 1.5 mM MgCl2, 1 mM of each primer (B-K1/F and B-K1/R1) and 1 unit of Taq DNA polymerase (Promega, USA). Each PCR program was conducted using a denaturation step of 3 min at 94°C, followed by 25 cycles of 94°C for 30 s, 63°C for 30 s and 72°C for 2 min, with an extension step of 72°C for 10 min. PCR products were separated by 1.5% agarose gel electrophoresis in Tris-borate-EDTA buffer (TBE) at 100 V. The sizes of DNA fragments were estimated using a 100-bp DNA ladder (Promega).
Antimicrobial activity using well diffusion agar assay (WDAA)
Potential probiotic strains were tested for their antagonistic activity using the well diffusion agar assay (WDAA) (Vaseeharan and Ramasamy, 2003) against four pathogenic strains: Vibrio. alginolyticus ATCC17749, Vibrio. parahaemolyticus ATCC17802, Aeromonas hydrophila ATCC7966 and Salmonella typhymurium ATCC 17802. The pathogenic bacteria were grown overnight in 10 ml of nutrient broth and then cultured for 24 h on nutrient agar at 30°C.
The common colonies from pure culture were suspended in 10 ml of physiological medium and well mixed during 5 min. 1 ml was spread over the agar plates. Potential probiotic strains were cultured in 10 ml nutrient broth for 24 h, 100 µl of the supernatant were introduced into the wells of the Muller Hinton MH agar medium and incubated for a period of 24 h at 30°C. Antibacterial activity was defined as the diameter (mm) of the clear inhibitory zone formed around the well.
Cell surface hydrophobicity
Hydrophobicity was measured by the hexadecane partitioning method of Van Loosdrecht et al. (1987) . Bacterial cells grown overnight in trypticase soy broth (TSB) were washed with phosphate-buffered saline (7 mM Na2HPO4, 3 mM NaH2PO4 and 130 mM NaCl at pH 7.4) and resuspended in 4 ml of PBS, and the absorbance (OD600) was determined (Abs1). One milliliter of hexadecane was added to each cell suspension and equilibrated for 10 min. Each suspension was re-incubated at 37°C for 30 min. The aqueous layer was removed and aerated to remove all traces of hexadecane, and absorbance (OD600) was measured against a hexadecane-extracted PBS blank (Abs2). The hydrophobicity index (% adhesion to the solvent) was expressed as the ratio of absorbance of the hexadecane-extracted sample to absorbance of the sample before extraction. Percentage of adhesion was expressed as:
Phenotypic characterization of slime-producing bacteria
Qualitative detection of biofilm formation by tested strains was studied by culturing the strains on Congo red agar (CRA) plates as described previously (Chaieb et al., 2007) . Bacillus strains were inoculated onto the surface of CRA plates, made by mixing 0.8 g Congo red with 36 g saccharose (Sigma) in 1 L of brain heart infusion agar, and were incubated for 24 h at 30°C under aerobic conditions and followed overnight at room temperature. Slimeproducing bacteria appeared as black colonies, whereas non-slime producers remained non pigmented (Chaieb et al., 2007) .
Biofilm formation in glass test tubes
For the biofilm formation assay, each Bacillus strain, was cultured in Subwoofer wireless transmitter (SWT) broth containing (per liter): 5 g of Bacto-Tryptone (Difco), 3 g of yeast extract (Difco), 3 ml of glycerol, 700 ml of filtered seawater, and 300 ml of distilled water, at 37°C with shaking and then transferred to glass test tubes. The cells were incubated without shaking for 10 h at 37°C, then stained with 1% crystal violet solution to visualize cells attached to the test tube (Wolfe et al., 2004) . Thereafter, the tubes were rinsed with sterile distilled water. Biofilms formed at the air-liquid interface were stained purple. All the strains were tested in triplicate.
Semi quantitative adherence assay
Biofilm production by Bacillus spp. strains was determined using a semi-quantitative adherence assay on 96-well tissue culture plates, as described previously (Chaieb et al., 2007) . Strains were grown in TSB supplemented with 1% (w/v) NaCl. Following overnight incubation at 30°C, the optical density at 600 nm (OD600) of the bacteria was measured. An overnight culture, grown in TSB 1% at 37°C, was diluted to 1:100 in TSB supplement with 2% (w/v) glucose. A total of 200 μl of cell suspensions was transferred in a U-bottomed 96-well microtiter plate (Nunc, Roskilde, Denmark). Each strain was tested in triplicate. Wells with sterile TSB alone were served as controls. The plates were incubated aerobically at 37°C for 24 h. The cultures were removed and the microtiter wells were washed twice with PBS to remove non-adherent cells and dried in an inverted position. Adherent bacteria were fixed with 95% ethanol and stained with 100 μl of 1% crystal violet (Merck, France) for 5 min. The excess stain was rinsed and poured off and the wells were washed three times with 300 μl of sterile distilled water. The water was then cleared and the microplates were air-dried. The optical density of each well was measured at 570 nm (OD570) using an automated Multiskan reader (Gio. De Vita EC, Rome, Italy). Biofilm formation was interpreted as highly positive (OD570 ≥ 1), low grade positive (0.1 ≤ OD570 < 1), or negative (OD570 < 0.1) (Knobloch et al., 2001 ).
Characterization of extracellular enzymes
The presence of exoenzymes was determined using the API Zym System (Bio-Mérieux) composed of 19 enzymatic substrates. 
RESULTS
Bacterial characterization
Based on the results of the amplification of Bacillus 16s RNA gene, the thirteen tested strains yielded a PCR product with an amplicon sized around 1114 bp and were identified as Bacillus spp. (data not shown).
Antagonism assay
Potential probiotic strains have an inhibitory effect against pathogenic Vibrio strains V. parahaemolyticus ATCC17802, V. alginolyticus ATCC17749, A. hydrophila ATCC7966 and S. typhymurium ATCC 17802 (Table 2) . The inhibitory zones were about 10-22 mm in diameter.
Cell surface Hydrophobicity (%)
The results of microbial adhesion to solvent are summarized in Table 3 . Cells with hydrophobicity percentage greater than 70% as highly hydrophobic; from 70 to 30% as weakly hydrophobic and those with hydrophobicity lower than 30% as highly hydrophilic (Borges et al., 2008) . We have found that the affinity to hexadecane was low suggesting a hydrophilic character for the majority of the studied strains. Only M5 strain was weakly hydrophobic.
Slime production
The ability of the tested strains to produce biofilm was assessed by culture on CRA plates. Bacillus strains (H1, H3 and M2) formed colonies with orange color. Other strains (M5, SA3, SF1 and CA) developed colonies with black center and red contour. H4, SA2, SH1, SH3, BK2 and BC strains were slime producing characterized by a black colonies (Figure 1 ).
Biofilm formation in glass surfaces
The majority of Bacillus spp. strains (10/13) were able to adhere to the glass giving a purple pellicule on the airsurface of the glass tube. We noted that both the intensity and the width of the pellicule differ from strain to strain. In fact, H3, M2 and SA2 strains are classified as faintly adherent with a very small purple pellicule. H1, H4 and SF1 strains showed a purple pellicule with medium width and were classified as moderately adherent. M5, SH1, BK2, and BC strains give a large purple pellicule and were classified as highly adherent. Other strains (SA3, SH3 and CA) were unable to adhere to the glass surface (Figure 2) . 
Biofilm formation in polystyrene surfaces
The results of the OD 570 presented in the Table 3 showed that 46.1% of Bacillus spp. strains (6/13) were adhesive to polystyrene with values ranging from 0.11 to 0.70. The other strains were non-biofilm forming with an OD 570 ≤1.
Enzymatic characterization
The tested Bacillus strains were able to produce exoenzymes such as amylase (92.3%) and lipase (84.6%). The caséinase was only produced by H1, M5, SA2, SA3 and SH1 strains. Excepting the H4 strains, all +, Production; -, non production; *, non tested; N-AS-BI-P, naphtol-AS-BI-phosphohydrolase.
other tested bacteria were lecithinase negative (Table 4) . Taking consideration of the previous results, only M5, SH1 and BC strains were selected for enzymatic characters studied on Api-ZYM system. Results showed that all investigated cells are able to assimilate the alkaline phosphatase, Naphtol-AS-BI-phosphohydrolase and α-glucosidase (Table 4) .
DISCUSSION
In the present study, 13 bacteria strains have been isolated from different Tunisian hypersaline environments. The isolated strains were identified as Bacillus spp. according to Yang et al. (2006) . In previous studies, eighty nine isolates were obtained from the sediments of four deep-sea, hypersaline anoxic brine lakes in the Eastern Mediterranean Sea and was dominated by representatives of the genus Bacillus (Terry et al., 2008) . Bacillus spp. generally occur more frequently in sediments than in the water column, and Bacillus spores may account for up to 80% of the total heterotrophic flora (Hovda et al., 2007) . On diffusion agar assay only M5, SH1 and BC45 strains exhibited a zone of clearance against the tested pathogens. The inhibitory mechanism of the interaction was not characterized in this study. However, this result can be related to the ability of Bacillus to produce antibacterial compounds such as bacitracin, gramicidin S, polymyxin, and tyrothricin, which are active against a wide range of gram-positive and gram-negative bacteria (Ravi et al., 2007) . On the other hand, other tested bacteria showed an antagonist effect but against all pathogens. It has been found that Bacillus species isolated from the soil are effective against Gram-positive and Gram-negative bacteria whereas their extensive inhibition effect is particularly against Gram-positive bacteria (Yilmaz et al., 2006) .
Cell surface hydrophobicity (CSH) of the bacteria is one of the most important factors which govern the mechanism of bacterial adhesion to inanimate and biological surfaces. Furthermore, the surface charges and hydrophobicity of bacteria were influenced by the environmental condition (Vesterlund et al., 2005) , explaining, in fact, the variation of bacteria capacity to adhere to substrates. All strains tested in this study grow on Congo red agar plates and gave after 18 to 24 h of incubation at 37°C three different morphotypes on the basis of the colour of the colonies obtained. The morphotype I is characterized by an orange colonies (3/13 strains) morphotype II with pinkish-red colonies with a darkening at the centre (4/13 strains) and morphotype III which were considered as slime producers were characterized by black colonies (6/13 strains). Previous studies used this medium to study the phenotypic formation of biofilm for several bacteria including Aeromonas spp. and Staphylococus spp. (Saidi et al., 2011) . On abiotic surfaces, the tested Bacillus strain were able to adhere to glass surface characterized by a purple pellicule on the air-surface of the glass tube, and most of them exhibit a high potential to adhere to polystyrene microplates with biofilms formation. This mechanism begins with the attachment of bacteria to abiotic surface, by means of pili, flagella or other materials, followed by the production of exopolysaccharides to form a glycocalyx (Wong et al., 2002) . The DLVO (Derjaguin, Landau, Verwey, and Overbeek) theory of colloid stability has been used by several groups to try to explain attachment of micro-organisms to surfaces (Hermansson, 1999) . Dan (2003) suggested that the DLVO approach to bacterial adhesion tended to treat bacterial cells as traditional colloidal particles, characterized by having an even surface and an evenly distributed surface charge. The problem remains that cells contain many complicated surface structures such as flagella, pili, fimbriae, glycoproteins, carbohydrates, teichoic acids and other biological materials composed of proteins in Bacillus species up to 9% of total cell proteins are associated with the cell wall. These complicated surface structures may exert their own localized cell surface charge at a microscopic cell surface level that could possibility mediate attachment through local electrostatic attraction despite the cell's having an overall electrostatic repulsion (Palmer et al., 2007) . We noted that adhesion ability differ from strain to strain and from surface to another. In fact, there is no reliance between the slime producing ability on CRA plates and the adhesion power developed on polystyrene material. In fact, 4 strains characterized by orange colonies on Congo red agar (slime non producers), were adhesive to polystyrene microtiter plates.
Extracellular enzyme activity of the isolates revealed that the majority of the tested strains are able to produce amylase and lipase. Bal et al. (2009) found that all isolated marine Bacillus spp. possess extracellular enzymes amylase and protease. Some of other isolated Bacilllus spp. strains could able to produce caseinase. Previously studies reported that Bacillus bacteria secrete many exoenzymes, such as proteases, carbohydrolases and lipases, which are very efficient in breaking down a large variety of proteins, carbohydrates and lipids into smaller units (Ninawe and Selvin, 2009 ). The Bacillus strains (M5, H1 and BC45) analyzed in this study were heterogeneous on the basis of their exoenzymes profile tested on Api-ZYM system. However, α-glucosidase was produced by all tested stains. In fact, it is shown that members of the Bacillus genus are known to express a number of α-glucosidase exhibiting a diversity of substrate specificities (Sadler et al., 1984) . As well, multiple research investigations were aimed on screening and purification of thermostable enzymes from Bacillus genus α-glucosidases from Bacillus caldovelax DSM 411, Bacillus flavocaldarius KP1228 (FERM-P9542), Bacillus thermoamyloliquefaciens KP1071 (FERM-P84776) and Bacillus sp. DG0303 have been well characterized (Ferrari et al., 1993; Kashiwabara et al., 2005) . Similarly, alkaline phosphatase were produced by all tested stains. Thirty one strains of Bacillus spp. were isolated from soil sample, including 7 isolates of Bacillus stearothermophilus with one showing high production of alkaline phosphatase (Hamza and Hassan, 2005) .
Conclusions
Halophilic bacterial communities isolated from Tunisian hypersaline environments have not been thoroughly studied. In this study, a great number of halophilic bacilli were isolated from distinct hypersaline environments of Tunisia in order to screen their antagonism effect against pathogens, adhesive ability and exoenzymes production capacities. The studied strains were identified as Bacillus spp. and were shown to have interesting properties, thus making them good candidates for biotechnological applications.
